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Phthalocyénine Dyes and Pigments 
“ By GEORGE J. TAYLOR* 


I~ 1927, de Diesbach and von der Weid 
(7) obtained a new insoluble blue com- 
pound by reacting o-dibromobenzene, 
cuprous cyanide, and pyridine at 200°C., 
in a sealed tube. The product they ob- 
tained was thought to be [CesH4(CN). + 
CsH;N],Cu. However, because of an 
error in determining the nature of the 
product and analytical difficulties char- 
acteristic of compounds of this series, 
erroneous conclusions were drawn as to 
its identity. In all probability, the chem- 
ical was copper phthalocyanine. 


In 1928, at the Grangemouth works of 


Messrs. Scottish Dyes, Ltd., in the man- 
ufacture of phthalimide by passing am- 
monia into molten phthalic anhydride 
in an iron vessel, it was observed that 
the molten imide contained traces of a 
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dark-blue substance. After a preliminary 
examination of the compound, the prob- 
lem of determining its structure was re- 
ferred to Linstead. The work of Linstead 
and his students (2) resulted in a com- 
plete picture of the structure of this im- 
portant new class of color compounds; 
their findings have since been confirmed 
by an x-ray investigation that was made 
be Robertson (3). 

Although the phthalocyanines are 
closely related structurally to chlorophyll 
and hemin, there is no evidence that they 
occur in nature. The fundamental nu- 
cleus of the natural coloring matters of 
the chlorophyll and hemin series is por- 
phine, represented by the structural 
formula at the left in Figure 1. The de- 
gree of resonance in the porphine deriva- 
tives is undoubtedly very high; there- 
fore, the distribution of the conjugated 
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Figure 1— Structure of porphine and some of its derivatives. 
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double-bond system shown in the formu- 
las, Figure 1, is entirely arbitrary. 

If the four methine groups that join 
the four pyrrole nuclei in the alpha posi- 
tions were replaced by nitrogen atoms, 
tetrazaporphine (otherwise known as 
porphrazine) would be obtained. How- 
ever, this compound is known only in 
the form of its derivatives, as, for exam- 
ple, tetrabenzoporphrazine, which was 
called “phthalocyanine” by Linstead. 
Many metal derivatives of phthalocya- 
nine have been synthesized; with copper 
as the example, the central part of the 
molecule is represented at the right in 
Figure 1. Robertson has proved that the 
phthalocyanine molecule is planar. 

Compounds that are 
capable of producing an 


ay isoindole ring containing 
‘~ an “extracyclic” nitrogen 

ie atom, Figure 2, will, in 
Es general, form phthalocy a- 
eg nines when reacted with 


metals or metal deriva- 
tives; the reaction may occur under a 
wide variety of attendant conditions. 
Each step in the series of reactions 
shown in Figure 3 is well known, and each 
compound represented will react with 
various metals and metal derivatives to 
produce metal phthalocyanines. The 
first two (phthalic anhydride and phthal- 
imide) require ammonia, urea, or a simi- 
lar compound, as a 


on a laboratory scale by reacting phthal- 
onitrile with sodium amylate to form 
disodium phthalocyanine (phthalocya- 
nine with the two central hydrogen atoms 
replaced with two sodium atoms); treat- 


‘ment of this compound with hot water 


will yield the metal-free phthalocyanine. 
Phthalonitrile, when produced according 
to the scheme in Figure 3, is rather dif- 
ficult to obtain in the pure state. It 1s, 
therefore, convenient in laboratory prep- 
aration to react o-cyanobenzamide with 
magnesium in naphthalene at 245°C., 
and to treat the product with acid to 
obtain metal-free phthalocyanine. How- 
ever, o-cyanobenzamide is too easily 
hydrolyzed in sodium amylate to pro- 
duce phthalocyanines by this method. 
Phthalocyanine may also be prepared 
by reacting molten phthalonitrile with 
hydrogen sulfide at 170-180°C. (4). 
Phthalonitrile, when reacted with cu- 
prous chloride at 170°C., will form cop- 
per phthalocyanine and cupric chloride. 
If the reaction is conducted at about 
210°C., copper monochlorophthalocya- 
nine is obtained. Metal derivatives of 
phthalocyanine have been prepared by 
the reaction of metal-free phthalocya- 
nine with a metal such as magnesium, or 
a metal derivative such as cupric chlo- 
ride, in boiling quinoline. 
Diphenylmaleinitrile, when heated at 
275°C., in the presence of etched magne- 
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Ficure 3—Reactions involved in the preparation of phthalonitrile 
and iminophthalimidine from phthalic anhydride. 
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REACTIVITY OF METALS AND METAL DERIVATIVES WITH PHTHALONITRILE 
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sium turnings, will form magnesium oc- 
taphenylporphrazine. When 1,2- or 2,3- 
naphthalonitrile and powdered zinc are 
heated to 310°C., the metal naphthalo- 
cyanine is obtained. Methyl lithium will 
react with phthalonitrile in cyclohexa- 
nol, at 200°C., to give tetrabenzotriaza- 
porphine. Methylmagnesium iodide will 
react with phthalonitrile in alcohol, togive 
magnesium tetrabenzotriazaporphine. 
The reactions mentioned are only a 
few of the many variations that are 
known. Most of these are very exother- 
mic and the use of solvents, such as pyri- 
dine, quinoline, chloro- and bromo-naph- 
thalenes, is helpful in controlling and 
facilitating the reactions. The o-halo- 
genobenzonitriles, o-sulfobenzonitriles, 
and o-dihalogenobenzenes have also been 
used in this type of reaction, but it 1s 
necessary with these compounds to in- 
clude a cyanide, such as cuprous cya- 
nide, to supply the necessary CN radical 
for the formation of the isoindole ring 
that contains the extracyclic nitrogen; 
this, in turn, yields the phthalocyanine. 
Nuclear substitution products of al- 
most any variety of the compounds al- 
ready mentioned may be used provided 
they are compatible with the method of 
synthesis chosen. It is necessary that the 
nitrile groups be attached to adjacent 
carbon atoms. Terephthalonitrile, homo- 
phthalonitrile, o-xylylenedicyanide, 
o-cyanocinnamonitrile, and 2,2’-dicyan- 
odipheny!] will not react to give porphra- 


zine derivatives. In the heterocyclic 
class, porphrazine derivatives have been 
produced from the ortho dinitriles of 
thiophene, thionaphthene, pyridine, and 
pyrazine. Negative results were obtained 
in the pyrrole, isooxazole, and isotriazole 
series. A practical guide as to whether 
the dinitriles will yield porphrazine deriv- 
atives is the capacity of the correspond- 
ing o-dicarboxylic acids and their di- 
amides to form anhydrides and imides. 

The table, “Reactivity of Metals and 
Metal Derivatives with Phthalonitrile,”’ 
lists, according to their reactivity with 
phthalonitrile, some of the metals and 
metal derivatives that have been tested 
in the preparation of phthalocyanines. 

The manner in which a metal is held 
to the phthalocyanine molecule is by no 
means an arbitrary matter. This ques- 
tion has been decided by applying the 
tests of volatility, and solubility in or- 
ganic media (5). Sodium, potassium, cal- 
clum, barium, and cadmium _phthal- 
ocyanines differ from the other metal 
phthalocyanines in that they are very 
insoluble and are incapable of sublima- 
tion. On treatment with acids, and, in 
some cases, with hot water, these com- 
pounds also readily liberate metallic ions 
and form metal-free phthalocyanine. It 
is, therefore, concluded that the metal- 
nitrogen linkages in these five compounds 
are electrovalent. 

The other metal phthalocyanines are 
covalent in combination with co-ordinate 
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valencies (see copper derivative, Figure 
1). One of the reasons for this conclusion 
is the fact that copper phthalocyanine is 
stable in the vapor phase at 580°C., 
which eliminates the possibility of the 
metal being held only by co-ordinate 
bonds. The fact that the zinc compound 
is covalent and the cadmium compound 
is electrovalent is in keeping with Fajan’s 
principle, which states that in the same 
periodic group of metals the tendency to 
form covalent compounds decreases with 
the increase in atomic number. 

The phthalocyanines can be quantita- 
tively oxidized to phthalimide and am- 
monia by the use of ceric sulfate in an 
acid solution. They are very resistant to 
alkali, and are soluble to some extent in 
boiling quinoline, pyridine, and chloro- 


and bromonaphthalenes. Phthalocyanine 
has been halogenated and _ sulfonated 
quite successfully. The Friedel-Crafts 
reaction to introduce alkyl groups has 
been unsuccessful. In general, the reac- 
tivity of the fused benzene rings is of a 
fairly low order, but their extreme insolu- 
bility presents the most serious problem. 
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2037 Acrolein (Stabilized with Hydroquinone) BP 51-53°....100 g. ..$3.50 C 
5156 p-n-Amoxybenzoy] Chloride BP 158-161°/6 mm.........100g. .. 5.00 C 
5300 d-iso-Ascorbic Acid Sodium Salt-1H,O................ 100g. .. 3.00 C 
P5297 2-Bromo-i-chloropropane (Pract.) BP 116-118° ........500g. .. 5.25 D 
5254 dl-Camphorsulfonic Acid MP 200-202° dec............. 100g. .. 2.00 C 
P5296 4-Chloropropiophenone (Pract.) MP 31-34°............ 500g. .. 3.50 D 
5264 @olestery! Palmitate MP75-77°..................... 10g. .. 160A 
T 2246 Dihydroxyanthraquinone (65% 1,5-; 35% 1,8-) (Techn.) 500g. .. 8.00 D 
P5299 2,3-Dimethoxybenzaldehyde (Pract.) MP42-50°.......500g. .. 4.25 D 
P5267 N,N-Di-(y-phenyl-n-propy]!)-p-toluidine (Pract.) 
ge hE rn re ear are 100g. .. 8.00C 
5247 “Gelatin (PF urined Pioskin)............./.....--56-55. ie. .. 1.382 
P1552 MHexachlorobenzene (Pract.) MP220-226°............. 3 kg... 2.85G 
4628 n-Hexyl Mercaptan BP 149-152°..................... 100g. .. 8.00 C 
P5298 2-Hydroxy-3-methoxybenzaldehyde (Pract.) MP 38-42° .500 g. .. 3.00 D 
P4820 2,6-Lutidine (Pract.) 90% boiling at 142-143°..........500g. .. 3.00 D 
Bare t-meetmoning BAP 208, dec... i Sek ce eee fe... Tao 
5268 N-Methyl-s-carbohydrazidopyridinium 
Pe ee Cr ree eo ered Fe eee 10g. .. 5.00 A 
P4593 Phenylacetone (Pract.) 95% boiling at 83-87°/7 mm... . 100g. .. 3.00 C 
BIST “SoG 1S 148 oo ob ck ee ac tnes see eee». £20 
P 1331 Pyrrole (Pract.) 92% boiling at 128-130°..............500g. .. 7.00D 
Pe2S52 Mocs Azide (Pract.) uk kw bw we ee + ote 100g. .. 5.00 C 
S408 Tetranydroturan BP64-67" ..... 2... ec oe ed 10g. .. 1.50A 
4283 Tetramethylene Bromide BP 194-197°................ 10g. .. 2.00A 
T5305 Trimethylbenzylammonium Hydroxide (38%) (Techn.). 1kg... 2.40 E 











